The results of these experiments and of those in a previous paper (Bragg 1941) may be summed up in the statement that the positions and forms of the diffuse spots, so far as they have been observed, correspond closely to the geometry of the true diffraction patterns of the crystal, as calculated from first principles. The reverse is partly true: the calculated pattern shows places where diffuse spots might have been found and are not, but this does not negative the value of the correspondence that is observed. The question then arises: Why is it possible to use the diffraction formula to such effect ? The formula would be applicable if there were in the crystal a sufficient number of small crystalline groups acting with some indepen dence of each other. Any other explanation must describe a condition which simulates the effects of small groups so far as these effects have been observed.
The geometry of the pattern of diffuse spots which is observed under certain conditions in X-ray crystal photographs can be derived immediately from the fundamental principles of wave interference. I have given examples in a previous paper (Bragg 1941) in which the calculated patterns for sylvine, diamond, and calcite were shown to correspond with observa tions within experimental error. In what follows the diamond pattern is discussed in greater detail. The photographs used in illustration are due to Lonsdale and Smith.
The method of calculation has been described in the paper already referred to, but, as the procedure is so direct, it is convenient to begin from first principles in this case also.
In figure la , A represents a corner of the face-centred cube lattice of diamond; D', D", Dm are the neighbouring cube corners; are the middle points of the neighbouring cube faces; and A BCD is a regular tetrahedron. The length of AO, the perpendicular from A on BCD is 2-053 A. This perpendicular is part of one of the four trigonal axes.
The figure represents the disposition of the crystal towards the incident ray (Cu K<x,A = 1*54) in a particular experiment. The point 0 being taken
as origin, the axis of z is taken to be the direction of the inciden pointing upwards in the figure. The axis of x is parallel to BG. The trigonal axis AO makes an angle of 2° with the axis of : in the drawing the angle is made somewhat larger in order to avoid confusion of lines.
The co-ordinates of various points in the lattice of which figure la shows a portion can be calculated. For instance, the co-ordinates of A are 0-000, 0*072, 2-052, and those of B are 1-257, 0-726, 0-025. The differences of co-ordinates are therefore 1-257, 0-798, 2*027.
The direction cosines of the incident ray are 0, 0, 1. Those of the scattered rays being taken to be h, k, l, the ray scattered by A gains on the ray scattered by B by a length equal to hx 1-257 + x 0-7 This direction can be represented by (h, k); and an (h, k) curve can be plotted which shows all the values of (h, k) for which the gain or loss is of any given amount.
Thus in figure 1 the curve marked A B gives all the values of (h, k) for which there is neither gain nor loss. A may be said to be in zero phase with B in respect to this particular direction. The curve marked ABX shows those values of (h, k) for which A loses a wave-length on B. In this direction A may be said to be in negative primary phase to B. Various curves of this kind are shown; all lie within the circle = 1. The A B and AC curves meet at h 0, k -0-675. A and C are all in zero phase with each other and therefore with all other points in the plane ABC, and this for all values of A. If the rays are not monochromatic, they will generally include one of such a wave-length that the curves ADA, AD'A, AD" A and AA for that parti will all pass through this same point; unlike the A B or AC or similar curves, these curves change position if A is altered. At this point there is a Laue spot because all the scattering points of the crystal are there in phase with each other.
In the region of the diagram close by this Laue spot there is an approach to uniformity of phase with respect to A = 1-54 A, and a diffuse spot is found there. The position of its maximum intensity can be calculated with accuracy in some cases at least, e.g. in the sylvine calculations (loc. cit.). In this particular case the diffuse spot has horn-like attachments, shown in the accompanying photograph (plate 29 a ) by Lonsdale and Smith. They are found to correspond in position to overlapping portions of AD'A and A B curves on the one side and AD"A, AC curves on the other. To make this more obvious the values of (h, k) given by figure 1 have been used to calculate the relevant portions of the figure that should appear on the photographic film. The values of the co-ordinates of various points are figure 16 which is to be com pared with the photograph. The centre of the black spot in the photo graph corresponds to the point Oi n figure 1 6. The spot wi the top of the photograph. Spots associated with the faces ABD , and AOD are a t the bottom corners: in figure 16 they are indicated by small circles.
The diffuse spots in X -ray crystal photog
The correspondence is further illustrated by a comparison of the photo graphs (plate 29 b , c, d ) due to Lonsdale and Smith with the drawings of figure 2. In these the effect is due to Fe radiation for which A = 1*935 A. The film is in this case perpendicular to the diffracted ray. Otherwise the conditions are the same as those of figure 1. The form of the horns changes remarkably when the angle of incidence is carried through a very small range which includes the correct angle of incidence for the Fe ray. In the photographs the angles of incidence are 28° 51', 28° 3' and 27° 21'. In the first of the series the horns point downwards, but on the other side of the characteristic angle their direction is reversed. The accompanying figures show corresponding changes in the relative dispositions of the curves. In figure 2 a the A B and AD'A (or AC and AD" A) curves intersect below the Laue spot. In 26 they all meet in the one spot and there is close coin cidence for some distance above it. In 2c the coincidence is disappearing.
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Lonsdale and Smith have taken other photographs in which the crystal is rotated about th at trigonal axis which is normal to the plane ABC. The angle of incidence remains the same during the rotation, but the pattern of Laue spots and diffuse spots changes, becoming of course asymmetric. In particular the horns disappear, one of them much in advance of the 0-28°5l' 29 e ) . Correspondingly the calculated pattern shows th at the coincidences of curves which have been associated with the horns disappear in the same order. In figure 3 it is to be observed th a t only one of the coincidences remains.
There are other points of intersection or near intersection in figure 1 besides that of the assemblage in the neighbourhood of = 0, k -0*7.
There is a triple point of intersection of the curves drawn in the figure The (h, k) diagram changes in an interesting way if the crystal is rotated about BC from the position shown in figure la to th at of figure 4a. The reflexions from the cleavage plane now face the other way. The ellipses in figure 4 have changed their positions and the whole diagram has a different appearance. Especially the small curvilinear triangle formed by the AB, AC and ADX ellipses, now at the bottom of the diagram, is crossed by the AD'A, AD "A and AD ' "A curves in a different way. The coincidence stretches of the curves have disappeared. These last three curves cross the sides of the curvilinear triangle at high angles of intersection.
Correspondingly, it has been found that in this arrangement of the experiment there are no horns: there are triangular arrangements of welldefined spots (plate 29 f ). These are found to agree, within experimental error, with the positions of intersection just referred to. Also as in the former arrangement the local figure is reversed when the crystal is rotated about BC through the position of perfect reflexion (Lonsdale and Smith 1941; Bragg 1941) . The curvilinear triangle points in the opposite direction, but the spots are still found at the centres of the sides.
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